. Schematic illustration of experimental apparatus for treatment inside a polymer tube with atmospheric pressure plasma generated using double spiral electrodes 
Introduction
The adhesion of bubbles inside polymer tubes for liquid infusion is a problem leading to inconsistency of the amount of liquid infused. The problem has recently attracted attention. However, there are few detailed reports about adhesion of bubbles on the inner surface of tubes.
The adhesion of bubbles should be restrained if the surface of the tube becomes hydrophilic. We treated the inside of a polymer tube with atmospheric pressure plasma to create the hydrophilic property and actually attempted to verify the adhesion restraint of bubbles.
Experimental Setup
The inner surface of the tube was treated by the atmospheric pressure glow plasma treatment method, which uses the double spiral electrodes reported by Kodama et al. Figure 1 shows the schematic illustration of the experimental apparatus. The apparatus was remodeled to enable driving at a high frequency power of 13.56MHz. A combination of He/O 2 was used for treatment. The adhesion of bubbles was observed with a digital video camera. Bubbles were generated by pouring water in the tube and introducing air into the tube through a capillary glass tube.
Results
By dynamically observing bubbles in the tube, we demonstrated that the hydrophilic treatment of the inner surface of the tube by atmospheric pressure plasma restrained the adhesion of bubbles. Figure 2 shows the observation results of bubbles in PVC tubes. In the untreated sample, the adhered bubbles did not move until minute bubbles united and became one moving bubble. On the other hand, the bubbles flowed smoothly without adhering in the sample treated with the plasma.
The contact angle of bubbles changed into 61° from 107°in the PVC tube with the atmospheric pressure plasma treatment as shown in Fig.2 . In a polypropylene (PP)-based tube, it changed to 57° from 113°. On the other hand, the contact angle of water droplets changed to 56° from 95° in the PVC tube with the atmospheric pressure plasma treatment, and it changed to 50° from 108° in the PP-based tube. For the results mentioned above, it was confirmed that the contact angles of bubbles and water droplets were near values.
In addition, when flow velocity changed to 0.008-0.35m/s, the adhesion of bubbles was observed in all cases using the untreated tube. On the other hand, the adhesion of bubbles was not observed at 0.03m/s or more in the plasma-treated tube.
The change in the contact angle of bubbles from 107° to 61° by the plasma treatment in the PVC tube corresponded to 0.26 times decrease in the work generated as the bubbles adhered, and it corresponded to 15 times increase in the force to push the bubbles.
The influence on bubble adhesion is very large, though the change in the contact angle of bubbles is not so large. The adhesion of bubbles inside polymer tubes for liquid infusion is a problem leading to inconsistency of the amount of liquid infused. We treated the inside of a polymer tube with atmospheric pressure plasma to create the hydrophilic property and actually attempted to verify the adhesion restraint of bubbles. When the flow velocity was changed to 0.008-0.35m/s, the adhesion of bubbles was observed in all cases using the untreated tube. On the other hand, the adhesion of bubbles was not observed at 0.03m/s or more in the plasma-treated tube. By the plasma treatment, the contact angle of a bubble changed to 61° from 107° in the PVC tube. The change corresponds to 0.26 times decrease in the work to be generated as the bubbles adhere, and it corresponds to 15 times increase in the force to push the bubbles. '×' shows that discharge was not generated. White arrows indicate the discharge locally generated. Optical emission intensity distribution of the discharge along central axis of the tube was obtained by image analysis of the discharge photograph. Gray zones in the figure show the areas in which optical emission of the discharge could not be observed due to the electrodes. The gas used was helium. The conditions of plasma generation were: gas-flow rate of 1.0l/min., time-modulation frequency of 10 kHz, and duty cycle of 0.2.
図 5 2 重螺旋電極でポリマーチューブの中に生成した放電における RF 電力の時間変調の効果 The conditions of plasma generation were: total gas-flow rate of 1.0 l/min., time-modulation frequency of 10 kHz, and duty cycle of 0.2.
図 6 最小放電維持電力における流量比(O2/He)の影響 
Earth Electrode
The setup for the measurement is shown in the lower right figure. The conditions of plasma generation were: total gas-flow rate of 1.0l/min., time-modulation frequency of 600 Hz, duty cycle of 0.01, and input power of 30 W during RF-On.
図 9 2 重螺旋電極でポリマーチューブの中に生成した大気圧プラズマの発光スペクトル The volume of the bubble was assumed to be constant of 1.07
μl. The passage of water was approximated not as a circle but rectangle for simplification.
図 10 気泡の接触角の影響を見積もるための計算モデル 
